Abstract. The long endurance Autonomous Underwater Vehicle (AUV) could finish autonomous mission process without any human aids in a long time. As an artificial intelligence system, AUV has high independence, reliability and adaptability to ocean environment. An efficient architecture of AUV plays an important roll in achieving those properties. A long endurance AUV, which is used for ocean exploring, was introduced. And its motion control system architecture was described. The architecture is divided into four parts including blackboard system, elementary behavior agent group, reflection behavior agent group and execution agent. Both the hardware and software in the control system were described. Finally, the experiments in tank and those at sea were conducted to test the architecture and the methods of the control system, and the results proved that the control system of the AUV is reliable, flexible and extensible.
Motion Control System Architecture Based on Agent
System architecture was researched to construct a type of mechanism to make the modules mentioned above work reasonably in space and time area, thus the information data can flow successfully in the whole system [4] . The motion control architecture was constructed based on both behaviorism method and agent technology [5] . The agent interacts with the environment via the communicator based on explicit mode and implicit mode. The environment could be social environment which is social network consisting of several agents, and it could also be physical environment, such as sensor devices, actuators and so on. The implicit communication needs to check the changes of the environment made by the other agent. And the explicit communication is the direct exchange of the information between two agents. The interpreter processes the input information and identifies the character state to form the environment information described by internal language [6] . In accordance with the information, the executor reacts based on certain method, and the result will feedback to the environment via the communicator.
The motion control architecture was divided into four parts including blackboard system, elementary behavior agent group, reflection behavior agent group and execution agent, shown in Fig.1 . The blackboard system is not only information processing and management center, but also agents' behavior control center. As the executable unit of motion controller, elementary behavior agent group makes AUV achieve three kinds of motion including surge, yaw and heave by certain control algorithm [7] . Reflection behavior agent group is the unit by which the behavior of AUV can be achieved in another way, and it works when the system has fault. Execution agent finally drives the actuators of the system. 
Hardware and Software of Embedded Motion Control System

Hardware of Embedded Motion Control System
The hardware of motion control system of "LE-AUV", shown in Fig.2 , was constructed with multiboard embedded systems based on PC104 bus, which consist of a core module with an integrated Intel Celeron CPU, an 8-channel serial port module, a DIO module based on PC104 bus and a power module providing 5V voltage, besides. There are some other kinds of boards related with the external devices. The core module uses CMX147786CX CPU board made by RTD Company, which integrates an Intel Celeron processor with 650MHz main frequency, an AGP S3 Savage SVGA imagine processor, 512MB memory, a 4GB DOA electronic disk, a 6-channel DMA, a 15-channel interrupt, 3 counters, and an APIC. The serial port board uses EMERALD-MM-8 made by DIAMOND Company, which ingrates a 8-channel serial port supporting RS-232/RS-422/RS-485, and 16C654UART supporting a max speed 460.8kbps.
Digital IO module (namely DIO board) uses DM6856 made by RTD Company, which integrates independently controlled 16-channel digital output with photoelectric isolation, and 16-channel digital input with photoelectric isolation. This board is used as a switch of the sensors.
Power module uses XPWR104HR power board made by RTD Company with 8-32V DC as input and 5V or 12V DC as output.
Software of Embedded Motion Control System
The software of motion control system works in the embedded real-time OS, vxWorks [8] . The software data flow chart of "LE-AUV" was shown in Fig.3 . ① represents the instructions of planning system. ② indicates the motion control system output. ③ represents the execution instructions sending from force allocation. ④ represents the original data from sensors. ⑤ indicates the pre-processed sensor data, it can be transmitted to data filter module, meanwhile, it can also be input to a certain sensor as reference data. ⑥ indicates the data generated by data filter module, it is the input of motion control system as well as ①. ⑦ represents the feedback data from actuators.
VxWorks is an embedded real-time operation system with priority-based preemptive multitask scheduling, and the function of motion control system is achieved in vxWorks by multitask scheduling, thus it is very important to assign the tasks in software architecture. When the motion control system runs, its tasks can be divided into 5 types: a) Receiving original data. It includes the acquirement of the original data of environment perception system and motion perception system. The data, mainly acquired via serial ports, includes data of depth indicator, height indicator, DVL, inertia navigator, and the state information of actuators, the voltage information of batteries, the leaking information. b) Data acquirement and process of planning instruction. Data process means resolving, preprocess (wild-point elimination and data fusion) and smooth filtering of original data. Since the original data received from external devices has particular format which cannot be used directly, it needs to be transmitted to the format that can be accepted by motion controller. The planning instructions can be easily received by memory share. c) Solving motion control instruction. It includes control algorithm and force allocation. The inputs of controller are processed sensor data and target state data out of planning system, the outputs are the required forces. Force allocation module can transmit the required forces to the voltage of a certain thruster or the angle of a certain rudder.
d) Data and instruction output. Data output mainly means dispatching some data to a certain sensor as reference information and sending AUV state information and the environment information to planning system. Instruction output means sending to execution task the voltages and angles received from force allocation module. e) Emergency handling. If certain fault happens to the sensor, thruster or rudder during work, the system can handle the situation according to fault level.
Experiments
In order to test the motion control system mentioned above, semi-physical simulation experiment, tank experiment and sea experiment have been conducted in sequence. Fig.4 and Fig.5 show the result of the pipe tracking test conducted in tank. Fig.4 shows the image of the pipe laid on the bottom of the tank. Fig.5 shows the trace of "LE-AUV" during the test, and the trace is quite coincident with the pipe. Fig.7 show the result of sea experiment conducted in the sea nearby Penglai. Fig.6 shows the basic motion control result. Fig.7 shows the voyage trace of "LE-AUV" during the experiment. 
Conclusions
The successful application to integrated ocean exploration AUV shows that the agent-based motion control system proposed in this paper has good robustness, flexibility and expansibility. And it can be used as a reference to other complex intelligent system.
The whole motion control system is implemented based on a famous embedded real-time operation system, vxWorks, and the detail of the software consists of many tasks, thus the division and scheduling of the system task is very important.
